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A radar intcrfcromc(r-ic  topography mapper designed to acquire digital elevation maps of the
cmth’s  surface from the Space Shuttle is dcscribcd  and its performance estimated. The systcm dcscribcd is
capable of acquiring a topographic map of all of the cart]] bctwccn  54°S and 60%4 Iatitudc  to a height
accuracy of 16 meters absolute. The systcm  uses the previously flown SIR-C C-Rind synthct ic aperture
radar systcm augmented by a second intcrfcromctrie  antcnl}ac  deployed 60 meters from tbc Shuttle. The
operation of the system, which requires the usc of simultaneous two polarization radars operating with
different polarizations with beam scanning, is dcsa ibcd. Pcrformancc parameters limiting the vertical
height accuracy of this sys[cm arc dcscribcd  and the. inq)lcmcn[ation  of solutions ncccssar-y to met the
performance objectives arc dcscribcd.

I INrRODUHJON_A~DJ<l<;QUIB!.:MENl’S—.—— .—. ——

The SIR-C/X-SAR  systcm  is a three frequency syntllc(ic  aperture radar systcm,  opcra[ing  at L, C-
ald X-Band which was flown on tM’o 10 day Shuttle flights in April 1994 and October 1994(1 ‘2). IWing
lhcsc missions, (11c combined SIR-CLX-SAR  systcln  dcmonstra(cd  the ability to acquire calibrated two
ftcqucncy  polarimctric  radar data as WCII simultaneous three frequency radar scattering maps of the
cartb’s  surface. The 1.-I3arld and Wland systems cnlploy an ac[ivc  dis(ributcd phase array antenna with a
high dcgrcc of agility and during these same missions, they dcmonstratwt  the ability to acquire wide swa(h

radar images using the SCANSAR
mode of operation, SCANSAR is a

/ radar tcchniquc  which allows a larger
radar swath to be acquired than that
limited by range-dopplcr ambiguity
limitations at the cxpcnsc  of rcduccd
resolution. SCANSAR, was first
demonstrated with tbc two SIR-C/X-
SAR missions. l’hc principle of this
mode of operation is to illuminate an
area on the ground long enough to
acquire a synthc(ic  aperture for the
desired rcsolu{ion  and then rnovc the
illuminated beam to a different area
across the swath to incrcasc  covcragc.
After this has been accomplished, the
beam must move back to the original
illuminated area before this area has
left tbc illuminating beam. The

Figure 1 Double SCANSAR data acquisition SRTM systcm  employs this tcchniquc
with two simultarrcous  polarizations,

each looking at a different area of the carlb  at a time. Duc to potential intcrfcrcncc between the
polarizations, operation of each polarization musl  bc at identical I>RF’s  to avoid transmit intcrfcrcncc
bc(wccn channels. This is illus[ratcd  in Figure 1. Also dllring  tbc last three days of the second mission, the



shu((lc was programmed to fly nearly identical orbi(s which would allow (IIC acquisition of intcrfcrornc~ric
radar data, The rcsul[  of these repeat pass intcrfcromc(ric  data (akcs was a demonstration of IhC ~pability

Figure 2 -Topographic Map of I,ong Valley, California
gcncratcd  from SIR-C Data

to gcncra(c  topographic maps from earth
orbit wi [h a radar systctn,  Figure 2 shows
a topographic map gcncratcd front two
separate imaging radar passes over Long
Valicy, California. In this topographic
map, areas of equal cicvation arc shown in
the sarnc intensity. The outcmnc  of thcw
dcmonstra(cd  capabilities - SCANSAR
and derivation of topography for
intcrfcromctry prrrcx.xs - Icad to the design
of a radar topography rnappcr based on the
SIR-CYX-SAR  systcm which is dcscribcd
in this  paper.

The rcquircrncnt  is to acquire a
topographic map of as much of the c.arth’s
surface within  the Shuttle rcsourccs,

Figure  3 SIR-C and X-SAR in Shuttle Payload Bay

which translates to all the land mass
bctwccn  the latitudes of 54°S and
60W over a 10 day period at a 57°
orbit. The topographic niapping  will
bc made to the rcquircrncnts  stated
in the Dcfcnsc Mapping Agency
I’I”ED-2  Icvcl. T h i s  rcquircmcnt
calls for a 90% vertical hci.ght
accuracy of 10 meters rcla(ivc over a
sccnc and 16 meters absolute with a
posting spacing of 30 rnctcrs. I’hc
S}IUMC  is only @pablc of staying in
orbit for 10 da>’s  duration while
providing the consumables required
by the SIR-C sys(cm  at a 57°
illclina[ion  orbit,  With the IO day
:cpcat  orbit, the rcqui rcd swath
tvidth  for cmnplctc  earth cmcragc  is
218 Kilomc[crs,  Duc to the antenna
dimensions, the only way to attain
this swath is to use SCANSAR
techniques to eovcr this swath. In
addition, duc to the accuracy
rcquircmcnts,  both polarizations
must bc used sin]ultancouslv.  each

aupriring data from a different area on the ground in oldcr  to provide enough simultanmus looks.  --

1.1 SIR-C C-Band Systcm Description

The SIR-C/X-SAR  systcm,  as shown in Figure 3 consists of an antenna structure supporting the
three antenna arrays and the SIR-UX-SAR  electronics in the payload bay, The antenna structure occupies
most of the Shuttle payload bay with the digital routing electronics and data rccordcrs  Iocatcd in the crew
compartment. The SIR-C systcm  operates at L- and C-Bands and each frequency uscs a dual pcdarixxl
distribukxi  phased array antenna capable of clcctronical]y  steering in both elevation (cross track) and
a?.imuth (along track). The intcrfcromctcr  systcm  dcscribcd  uscs  the C-13and portion of the SIR-C systcm



and [Iic dcscrip(ioa  tha( follows will ccmccntratc  on this syslcm.  in addition to the ability to clcz(roni~lly
s(ccr  the beam, the phased arlay anlcnna cm inlroducc  a phase funclion  which will spoil the beam
forming of Ihe an[cnna and gcncra[c  a beam which is wictcr than the ideal antenna pattern. This is a
uscf~d  feature when it is desired to illuminate a Iargcr porlion  of (hc earth’s surface than a fully  focused
an(cnna.

The nominal systcm charac(cris[ics  of the C-Iland sys(cm  for the intcrfcromclcr mode arc
tabulamd  in Table 1.

I’able 1
slR-C.&SIcni  Charmc!cristics  !ortirc_S?JM  .Missiog

Parameter
Frequency
Polarization
Total Swath Wid(h
SCANSAR simultaneous beams
SCANSAR bc%ms pcr polarization
Spatial Rcsohr(ion
Bandwidth
Syshm  Noise Equivalcrrt  Sigma Zero
Transmit Power
Primary Antenna
SCcondary  or Outboard Antenna
Dasclinc
l’ransmi[  PUISC Wid(h
Data Rate
];inal Product Rcsolulion

Rcquircmcnt
C-Dand
IIori-zmtal  and Vertical
218 Kilornctcrs
.2- Onc at each polarization
2
30 Meters
10 Mhz
-35 d13
1200 watts  pcr polarization
0.74 rnc(cr by 12 meters
0.74 meter by 8 meters
62 meters at a 45 Dcgrcc angle from vcr[icxrl
34 microseconds
180 McgaLrits pcr second in 4 channels
30 meters by 30 meters

1.2 Intcrfcromctcr  rcquircmcnts

l“hc rcquircmcnts  to acquire topographic data from an in[crfcrornctcr  pair is \vcll known and
’34) in order to avoid both signal shadowing and Iayovcr,  the localdocumented cxtcnsivcly  in the literature .

angle of incidmcc  rnus[ bc ccntcrcd  around 45 dcg[czs.  in areas of shadow, it is not possible to unwrap
the signal phase to derive Iocal relative hcigh[ since signals arc not present. 1 n areas of layover, those
areas where the local topography slope equals or cxcccds the radar incidcncc  angle, it is a[so not possibic
to unwrap the phase to derive relative c]cvation bctwccII  picture c!cmcn[s.  I’hc local incidcncc  angle
bctwccn  the radar wave and flat terrain for the SRTM niission  is limitc.d to those angles bchvccn 32 and
58 J)cgrccs.  TO acquire in[crfcromctcr  SAR data for [hc SRTM mission to IIIC rquircd height accuracy, it
is ncccssary  to have an antenna separation, or baseline, of greater than 50 mc(crs. l’hc baseline at[itudc  is
al an angle of 45 dcgrcm from the local nadir direction and nm.t bc known with an accuracy of 11
arcsccmrds  or better. The kno@cdgc of lhc length of lhe baseline must  also bc known to an accuracy of 2
millimeters or better. The baseline separation and baseline at(itudc  must bc known continuous during
mapping opcra(ions  and this information is required by the data processor for the calculation of absolute
altitude from the ccntcr  of the earth. The Shuttle position accuracy at all times must bc known within 10
meters in the horizontal plane and 1 meter in the vertical plane.

2__Mlss!.oN_Dmc. RuwloN

The SRI”M mission consists of 10 days of data acquisition with the Shuttle on a 10 day rcpt
orbit. The Shutdc orbit  is a nominally circular orbit at a 57 Dcgrcc  inclination. The existing antenna
mounting on the Shuttle and the boom deployment rcqui rcs that the Shrrttlc attitude bc at an angle of 59
dcgrccs  from the wing to wing line and local nadir. ‘1’hc boom then deploys at a 45 dcgrcc angle with
respect to nadir away from the earth, This places tl)c star trackers in view of deep space. In order to



illunlinatc  in the nor[hcrn  direction, then the Shuttle must fly \vi(tl tlIc tail forward. l’hc am covcrcd  by
[Ilis  orbit  is (hen from 54°S (o 60~.  1[ is planned (o acquire intcrfcromcmic  radar data starting at a
distance of 200 kilometers from each coaslal crossing and ending at 200 kilomclcrs  after the land to water
crossing, ‘1’hc minimum swath rcquircmcn[  at [IIC equator is 225 kilometers allowing for 7 kilomc(crs of
overlap bc[wccn  orbital passes. As the SINK(IC  latiludc  incrcascs,  the required swath dccrcascs allowing a
reduction in the number of repeat passes for higher latitudes. Over this covcragc, the altitude of the
ShuItlc  varies bctwccn  233 kilometers over the cqualor  (o an al(itudc  of 247 kilometers at lhc top of the
orbit, Over this al[i[rrdc range, the radar systcm can operate at a constant set of pulse repetition
frcqrrcncics with adjustn~cnts  in the data window position at the lower altitudes and minor look angle
adjus(rncnts  at the higher altitudes. Over the 159 orbits of data acquisition, a total of 80 hours of data wilt
bc acquired. This is sutmcicm to acquire intcrfcromctric  SAR data over both ascending and descending.
passes to cover each spot on the earth Mwccn  these latihrdcs  at least two titncs, After data acquisition, the
toWgraphic  maps will bc produced over a onc year interval at a data promssing ccntcr at JPL.

3 SYSTEM l>ESC_~IMION

The primary SIR-C L and C-Band systcn,rs will rcrnain basically unchanged as they were flown
in the previous two flights cxccpt  for sornc minor rnodifhtions  to ada’pt the existing hardware to the
intcrfcrornctric  mission. Since the in(crfcromctcr will operate as a single-pass fixed baseline instrurncnt,  a

sc.cmd set  of rcccivc
only antennas, onc at
C-Band and the other
at X-Eland will bc
added to the cquiprncnt
complcmcn(.  The ncw
antennas which will bc
rcfcrrcd tc} as the
Outboard Antenna
Subsystcm  (OAS) will
bc mounted on an
indcpcndcn( support
s(ruclurc  which will bc
stowed during launch
and landing and
deployed via an
cx(cndib]c  mast during
on-orbit operations.

Fig 4 s]iows  the on-
Figure 4 SRTIM Intcrfcromctcr Configuration orbit configuration.

Tllc size of the
outboard antennas were chosen to satisfy not only the ~wformancc  rcquircmcnts  of the intcrfcromctcr  but
also took into account the available space within the constraints of the shuttle cargo bay. Thc outboard C-
Band array is 0.75n~ctcr  wide by 8 meter long while the X-Band array is 0.4 m. wide by 6 m. long. The
mast which provides the baseline scpara[ion  bctwccn ~hc main and the outboard antennas is cxrntaincd  in a
1.4 m by 3 m cylindrical canister when stowed and deploys to 60 m. when fully extended. It is an actively
driven mast which has the advantage of being fully rigid and mechanically stable at any length during
deployment. As with the antennas, the nlaxirnurn  lcnglh of the mast was dictated by the available space
Bccausc  of the in~portancc  of maintaining prccisc gcmmctric relationship bctwccn  the main and outboard
antennas over the cxpcctcd  thermal conditions during the mission, the structural components of the mast
will bc cornposcd  of graphite cpmy in combination with rnctallic cnd fittings in order to achicvc a nearly
z.cro cocfflcicnt  of thermal expansion (cfc).  A previous versions of this masl  has exhibited a c(e of
0.2ppnWK.  Fig,5 shows a 30 m. version of an cxtcndiblc mast which was dcvclopcd  for the Space Station
by AI:C-Able Errginccring  Company. The 60 m. SR’114  mast will  bc provided by the sarnc  source. The



OAS mounting slructurc will Iikcwisc be conslruclcd  from composi[c  ma[crials  (o achicvc the dcsir~
thcrn~al stabili(y.

l’hc outboard C-Dand  antenna array \vill bc based on the san~c dual- polarized dcsigll as (1IC main
antenna, TIIC clcva[ion aperture is fornwd by 18 clcmcnts while the azimuth apcrlure will bc subdivided
in into 12 subapcrturcs. Each panel will contain I.NAs and phase shiflcrs  for Ii and V polarization.  This

scrni-active (&civc only)
configuration will provide not only
the electronically skxrablc beam
needed for SCANSAR but also
makes more cffcctivc  usc of the
sensitivity of the low noise
amplifiers. In order to avoid the
losses in the GO m. separation
bchvccrr  the outboard antenna and
the rest of the systcrn,  the rccciwxt
cchocs will be dclivcrcxi  via a fiber
optic link “down the length of the
mast to the main rcctivcr and data
subsystcm  which arc Iocatcd in the
cargo bay. A prclimimry  analysis
of the stability of the deployed
antenna rcvcalcd,  two potential
sources of basdinc errors. l’hc first
is a static  misalignment error
caused n~ai nly by gravity unloading

Vigurc  S Deployable Mast and thermal gradients 011 tllc  mast,
tllc other is dynantic  nlotion  al the

tip of the mast in response (o shrrttlc  attitude control jet firing,. Consequently, t~~’o  n~cthods \vill bc
incorporated in SRTM [o corrcc[  for these errors. Static n~isalignmcnt  bet}!’ccn the main antenna and the
outboard an(cnna  will be determined by a combination of optical instrun]cn[ation  and by cxarnining  the
radar relative strcng(h in the outboard antenna co-al i~nnvmt bcan]s,  Conlpcnsation  for the dynamic
n~olion of (11c outboard antenna will also bc in tuo ways: Firs[, an error signal derived from a
misali~nmcnt  of the two antenna beams will bc used to automatically cause the outboard an[cnna to lock
on to and track the main antenna beam. Second, tllc mo(ion of the outboard antenna \vill bc mcnsumd  and
rccordcd via a precision op[ica] tracker throughout (IIC ]nission and the data used for compensation during
processing.

3.1 Met rology

The function of the metrology subsystcm  is thl-cc  fold. The first  is to measure the characteristics
of the intcrfcromctcr  baseline to a high accuracy. l’hc sccmrd is to calculate the position of the Shuttle
while the third is to provide the irrtcrfcromctcr  systcm with a prccisc tirnc base to relate all nwasurcrncnts
to a common timcbasc.  The absohrtc  basdinc  attitude is being measured with a combination of sensors.
The first is a star tracker mounted on an optical bench at the base of the main antenna. The star tracker
provides an inertial rcfcrcncc  unit absolute attihrdc  updates. A camera systcm, bawd on a star tracker
scmcs the relative motion of the outboard antenna with respect to the optical bench by observing thrrx
light sources (LED’s) mounted on the outboard antcnrra.  The absohrtc  position of lhc Shultlc is measured
by the GPS systcm  which uscs an antenna mounted on the outboard antenna structure, l“hc GF’S systcm
also provides the common time base to which all mcasurcmcnts arc tied to. This includes the attitude
mcasurcmcnt  hardware and [hc radar systcm  rcla[ivc tinicbasc,



3.2 On-board Data handling and Storage

The raw radar signals  from four S1fl-C rcccivcr  channels, two chanmls (fll I arid W) each from
primary and outboard an[cnnac, arc digitimxl  into four 8-bit data with each cflanncl  at an ou(put  MC  Of45

Mbikkcc. This function is performed by four Digital Data Iiandling  Assemblies (DIN IA’s). These four
channc]  data arc thcu fkd in[o the Digital Data Routing Electronics (DDRE).  Thc DDRE multiplexes the
data into onc singfc  180 Mbitskcc  data st mm to bc mcmicd  by onc of the three Payload I Iigh Rate
Rccordcr  (PHRR’s). la addi[ion 10 the above funclions,  the DDRE3  also rcccivc.s X-SAR digitimd  data a(
45 Mbits/see from the X-SAR Data and Control I:lcdronics  (DCE). The DDREI can simultaneously route
any single realtime or playback data to (IIC ground via tflc TDRSS link. During the first two missions, X-
SAR providcxt  onc channel data and used onc PI IfUt to rcmrd its data. SIR-C used another rmrdcr  and
the 3rd rccordcr was rcscrvcd  as backup. Written at 180 Mbitskcc  (SIR-C multiplcmt  data rate), the
digitaI  tape casscttc  for the 1’HRR can record up to 30 minutes on a single casscttc,  or at about 300 Gbits
(about 40 Gbytcs) pcr casscttc. The same capacity allows X-SAR to record up to 2 hours of data,

Two modifications will bc made to the existing on-board data handling and sloragc  hardware for
the SRTM. SEX Fig. 6 for lhc modified hardware functional block diagram. (Note that the shadcx!  area is
the existing DDRE hardware and that the SIR-C DDHA’s, PIIRR’s,  and X-SAR DCE-I arc existing
hardware but not part of DDRE.) The first modification is to accormnodatc  onc additional channel of X-
SAR data from its outboard antcnnahcccivcr  charmcl, as dclivcrcd  by its Data and Control Elccmonics-2
(DCE-2),  with the existing channel from the primary systcm labeled as DCE- 1. The two 45 Mbits/see data
will now bc rnultiplcxcd  by the modified DDRE into a single 90 Mbilshcc  data stream for recording onto
the I’llRR.  In addition, the DIXUZ  will maintain Ihc capability of routing of any of the 45 Mbitskcc input
data channels (four from SIR-C and two from X-SAR) to the Shutt]c  KuSP for live down-link
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I’hc s.cconci  modification is to address (IIC mosl wlncrablc  part of the SIR-C fligli[  sy.s(cnl by
slrcngthcning  its  rcliabili~y  and redundancy. Part of the concern is based on the failure of onc of the
PI{ Ril’s during the second mission that  Icad to loss of data and operation Iimc. Given the slringcnt
rcquircmcnts  of the SRTM, that very area cxccpl tllc Ilich Ia[itudc portion of the world would be visited
only twice (one in ascending and the other in dcsccnding), any malfunction of Ihc data handling and
storage hardware means failure to acqrrirc data for that portion of the world, Also during the first Iwo
missions, the PI IRR and tape management, including rczordcd  da(a playback from the tape, was
performed with complicated and otlcn not prccisc  ground sdlwarc with intensive interaction bctwccn
crew and ground staff.  The number of tapes planned to bc used fc)r the SRTM will lx 270, about 28°/0

more than each of the previous missions. The full utilization of each tape is cri[ical  for mission sucass.
There is a strong desire to improve and simplify the rccordcr  and tape management, Thirdly, it is cxpcctcxl
that there will bc a fcw data takes cxpcc[cd to be Iongcr than 30 minutes. The existing syslcm  without
modification will lead to data loss of porlion  of the data take duc to tape change in bctwccn. It is critical to
prevent that type of data loss and other possible data loss duc to unc.x~td  failure. Thus the second
modification has three objcctivcs: 1) to incrcasc  the reliability; 2) to simplify PHRR and tape
management; 3) to increase the utilization of each tape by recording at full capacity, and 4) to eliminate
data loss due to tape changes.

The preliminary kcy dcsigu  to accomplish the above objcclivcs  is to insert high density high
speed disk farms, a relatively ncw technology, into the digital data handling and storage hardware as the
primary but intcrmcdiatc  recording hardware. The PI RR’s will still serve as final data storage. There will
be four disk farms, or Disk Subsystems (DS-1 to DS-4 ), each is sized to bc about 60 Gbytcs,  usable s[oragc
size from tcn 9-Gbytc  disk drives with  partial redundancy. No[c that each disc farm can store more than
onc casscttc  worth of data (40 Gbytcs).  Twto of the disk farms will be rcscrvcd for SIR-C usc and two for
X-SAIL During operation, SIR-C data \vill  be cmtslantly  writ[cn to onc of the disk farm and X-SAR to
another. Once the disk farm has s[orc onc casscttc  wwth of data, the dala will be written to ano(hcr  disk
farm automatically. g“his au[omatic  hand-over iii]] I)rcvcnt any data loss which otherwise would be crcatcd
by having to change tapes. While [IIC second disk farm is being written, the onc casscttc  worth of data on
the disk farm will bc dumped at high speed to onc of the I’liRR’s.  I’his  approach substantially rcduccs  the
wear and tear of die PHRR’s by reducing the number of turn on/off cycles, a primary suspect for causing
the I’IIRR to fail during the second mission, which also allows each casscttc  to record to its full capacity.
Also with this approach, four disk farms and three Iccordcrs  arc always shared by SIR-C and X-SAR.
Considering in the worse case that three of the four disk farms and two rccordcrs  would be used during
the niission, there will always bc onc hard spare of onc disk farm and onc PIIRR in the worse case and
more hard spares most of the time, It improves the reliability of the sys(cm considerably. 1 lowcvcr, this
improvement requires, in addition to the disk farms, a more sophisticated data controller to Inanagc  the
disk farn]s, P} IRR’s and the tapes. The design calls for the implcmclltation  of data quality and control
software to reside on a laptop (1’hinkpad)  conlputcr  for such operation. The soflwarc will bc rcsponsib]c
for monitoring the usage of disk farms, automatic swilching  of disk farms, and dumping f~llly stored disk
farm data to any of the available PI {RR%. The change of cassct[cs  will s[ill rely on [hc crew. The software
will also allow forwarding sclcctcd portion of the data on the disk farm for Iivc down-link. In addition to
these data handling and routing functions, it is also ]cquircd  that the software con[rol the PHRR’s  and
acquire a portion of the rccordcd  data (by read-after-write) during the data dump to ensure the data
rccordcx! on each casscttc  arc of good quality. This is addressing the owtrrrcncc  during the previous two
missions where a small amount  of data was successfully rccordcd  to the tapes but found to be of pcmr
quality during the playback for image processing aflcr the missions. Tentatively, there will also bc
soflwarc  to grab a portion of data on the disk farm for quick analysis of radar pcrforrnanc.x  and beam
alignment, in case the live down-link opportrrni[ics  arc not frequent enough or not available.

This modified and cnhanccd  dcsigu  will sigl[ificantly  improve the reliability and flexibility of
the data sloragc  subsys[cm  and eliminate possible data loss that cannot be circumvented wi[h the existing
hardware for (hc cxpcc(cd  mission rcquircmcnts.



3.3 Data Processor and Topographic map gcncratio[l

Aficr  the cnd of thc mission, the digi(al [apes will trc first duplicated and the data tapes Wnt to
their respective Ground Data Processing ccntcrs.  I’hc processing proccdurc  to gcncratc the to~grapl~ic
maps is basically as follows. Firs[,  the radar data from each of the two inlcrfcromc[ric channels is
proccsscd  to gcncratc  phase maps. A diffcrcncc  phase map is then produced for an cn[irc pass bctwmn
ocxxn coastal crossings. Using the baseline angle and Icngth information from the mc(rology  systcrn, a
relative height map is then ob(aincd from a phase unwrapping algorithm, The absolute height maps arc
then gcncratcd  after calculation of the ocean heights derived from TOPFX ocean models and tide tables.

4 EXPE~VlJ_P~RFOKM4.N&.~

The cxpectcd  accuracy of the SRTM sys[cm  depends on the error sources inherent in the
mcasurcmcnt  process. These error contributors arc:

1) Radar System Noise
2) Baseline Metrology errors
3) Position errors .
4) Propagation errors
5) Processing errors
6) Terrain topography ct%cts

The cmnponcnts  of radar system noise, which have&n verified by the first two missions of SIR-C, arc a)
thcrrnrd  noise, b) dcmrrclation noise, c) quan[ization noise, d) range and azimuth ambiguities and e)
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Figure  7 Expcctcd SRTM Vertical Iicight Accuracy

integrated sidclobc  error noise. Baseline metrology errors arc mcasurcmcnt  error of baseline at[itudc  and
Icngth. Position errors arc errors in cs[irnating orbit location as WCII as errors in cs[irnating the location of
the antenna phase cmtcr.  Propagation errors arc tropospheric and ionospheric indud errors. Prcmssing
errors include in[crchannel  misregis[ration  errors and interpolation and gcdocation errors. Terrain
topography errors include height posts Vs the average tlcigh[ over a resolution cdl. The cxpc,ctcd height


